Introduction
environmental pollution is esthetically offensive and can be a genuine health hazard to human beings as well as to vegetation and many horticultural plants (37) . heavy metals are a major source of environmental pollution. the main sources of these pollutants in the atmosphere are stack and exhaust emissions in the form of particulate matter from industry, power stations, domestic heating systems, and motor vehicles (23, 26, 35) . Although heavy metals are natural components of the environment, they are emitted into the environment in different ways; through natural sources such as continental dust, volcanic dust and gas, sea spray and biogenic particles or through anthropogenic inputs i.e. transportation, industry, fossil fuels, agriculture, and other anthropogenic activities (1) . For most of the toxic trace metals, anthropogenic inputs are more important than natural sources. Man-induced mobilization of trace metals into the biosphere has become an important process in the global geochemical cycling of these elements. this effect is most evident in urban areas where several stationary and mobile sources (industrial activities, energy production, construction, urban waste treatment, vehicle exhausts) release large quantities of trace metals into the atmosphere, soil and aquatic ecosystems, very often exceeding the natural emission rates (32) .
Biomonitoring provides valuable information about the quantity and quality of pollutants in the atmosphere. With biomonitoring, the levels of atmospheric trace metallic concentrations have been successfully monitored by using different types of vegetation (6, 16, 17, 28) . Various botanical materials have been used to detect the deposition, accumulation and distribution of trace metals in the ecosystems (16) . it is also an easy, inexpensive, and practical method of determining air quality when compared with conventional monitoring methods (11) .
Several studies have been carried out in urban and rural habitats in turkey (6, 8, 12, 16, 19, 21, 30, 32, 36, 37) . the samples collected in some of these studies have used mountainous areas as control group with the assumption that these are unpolluted (6, 8, 16, 37) . Present investigation is important in terms of determining heavy metal levels in mountainous areas which are considered to be free of heavy metals and therefore taken as reference.
the aim of this study was to investigate the concentrations of Pb, cd, ni, Zn, Fe and Mn by using plant species from Akdag Mountain.
Materials and Methods
Sampling area the study area, Mt. Akdag, is situated in the province of Denizli (Fig. 1) . the peak of the mountain is 2446 m. the province is developing fast as an industrial province, producing mainly textile, marble and few other goods. it is on the most important highways and railways of the country. Rapid urbanization, increasing number of vehicles on the roads and industrialization are leading towards an increase in the pollution in this region. 
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No Cd was detected at both altitudes. Statistical significance was determined by the independent sample t-test. In the independent sample t-test, comparisons were made in order to determine whether there were any differences between the averages of the herbaceous plants and woody plants.
currently, it is second in industrialization and population density, and first in farming activities in the West Anatolian part of turkey. the location of the sampling points on steep slopes provides results that depend on altitude rather than on horizontal distance (38) . the samples were collected from 1000 m and 1600 m above the sea level at a distance of 35-40 km away from the city center with a negligible traffic and pollution load.
Sample collection and preparation the plants were collected from 1000 and 1600 m altitudes during July-August 2006. A total of 29 plant species were collected: 15 species from 1000 m and 14 species from 1600 m. the taxonomic determination of the plant samples was carried out according to Davis (13) , Davis et al. (14) and Guner et al. (20) .
About 200 g of aboveground parts of bushy species and well developed leaves of other plants were collected for analyses. the samples were dried in oven at 80 o c for 24 h, milled in a micro-hammer cutter and fed through a 0.2 mm sieve. the samples were stored in clean self-sealing plastic bags under silica gel desiccant. contamination from the microhammer cutter was negligible during the grinding because it was washed after every grinding, first with absolute alcohol then with distilled water.
Wet digestion procedure the method used for plant digestion is described by Perkin elmer corporation (3) . the digested samples were aspirated into an air-acetylene flame and the metals were determined by flame atomic absorption spectrometry (FAAS). The reproducibility of the used method in decomposing the leaf samples was checked by carrying out a triplicate analysis. All samples were analyzed immediately after digestion.
Reagents
All chemicals used were of analytical reagent grade unless otherwise specified. Triple distilled water was used throughout the experiments. Working metal standard solutions were prepared just before use, by diluting the stock standard solution with water.
Instrumentation
Determination of the metals was performed with Perkin elmer Analyst 700 model flame atomic absorption spectrometer equipped with deuterium background correction, hollow cathode lamps (hcl) and acetylene burner. the absorption measurements of the metals were performed under the conditions recommended by the manufacturer. A cole-Parmer microfiltration apparatus with membrane filter (0.45 µm pore size manufactured by Micro Filtration Systems, MFS) was used for the filtration of the aqueous phase before metal determination.
Data analysis
Statistical significance was determined by the independent sample t-test. in the independent sample t-test, comparisons were made in order to determine whether there were any differences between the averages of the herbaceous plants and woody plants. Differences at P<0.05 were considered to be significant. A Statistical Package was used in the analysis of t-test for the data collected.
Results and Discussion
the West Anatolian region is one of the most important areas for industrialization, population density and traffic in turkey. therefore, the plants, which are used as biomonitor to investigate the levels of the trace elements Pb, cd, ni, Zn, Fe and Mn (µg g -1 , dry weight), were sampled with 29 different species at two different levels of height in the Mt. Akdag. the concentrations of elements were determined by atomic absorption spectrometry. the analysis of the samples of 29 different plant species from two altitudes at Mt. Akdag showed that mean concentrations of Pb, ni, Zn, Fe and Mn determined at 1000 m altitude ranged from 0.329 to 0.487, 0.011 to 0.882, 0.241 to 0.714, 0.532 to 9.396 and 0.155 to 3.439 (µg g -1 , dry weight), respectively ( Table 1) . on the other hand, at 1600 m altitude, the values of Pb, ni, Zn, Fe and Mn ranged from 0.263 to 0.889, 0.092 to 0.600, 0.272 to 0.834, 1.130 to 8.021 and 0.076 to 0.508 (µg g -1 , dry weight), respectively ( Table 2) . no cd value was detected in the samples collected from both altitudes. According to the osteras et al. (29) , cd enters forest soils via atmospheric deposition, originating from burning of fossil fuels and mining activities and via spreading of lime and fertilizers. this could explain the lack pf cd in our study area because very little fossil fuels are used in the area, and traffic is negligible.
As it can be seen from Comparison of our results with these fi ndings ( Table 1 and 2) clearly show that our results are well below the accepted range. therefore, the area is clean from the contamination of heavy metal pollution as regards the trace elements investigated by us. the level of accumulation that we obtained from the plant sample is soil oriented.
Different researchers have explained the sources for accumulation of some other trace elements. For example, Pb and Zn originate mainly from anthropogenic activities (2, 9, 27) . Major anthropogenic sources of ni are burning of coal and oil, production of cu, ni and Pb, mining operations, steel works and cement industry (25) . loppi et al. (24) have reported that plants were highly affected from contamination of soil by Fe and Mn in the Mediterranean climatic zone, although airborne Mn originates mainly from soil (4, 7, 27) , Fe originates both from anthropogenic and natural sources (27) .
it is important to take into consideration that in plants, the elements Fe, Zn, Mn and ni are considered to be micronutrients essential for plant growth (31, 34) . enrichments of mostly lithogenic ni and Zn in the top soil and corresponding depletions in the subsoil were often observed and explained as a result of nutrient cycling (25) . Mn occurs in soils mainly in the form of compounds of Mn 2+ and as oxide-Mn (33). Guevera et al. (18) reported that there is a strong correlation between elements abundant in the soil and elements that exist in plants and those elements in plants may stem from soil.
When the normal trace elements concentration intervals for land plants and our fi ndings are compared ( Table 1 and  Table 2 ), it is clearly seen that our results are well below the normal range. therefore, it is thought that the area is clean from the contamination of heavy metal pollution in respect to the investigated heavy metals. the level of accumulation that is obtained from the samples is thought to be soil oriented. 
Conclusions
in this study, the plants, which are used as biomonitor to investigate the levels of the trace elements cd, ni, Zn, Fe, Pb and Mn (µg g -1 , dry weight), were sampled with 30 different species at two different levels of height (1000 m and 1600 m) in the Mt. Akdag. the obtained values for trace element were determined to be below the values obtained from control samples of other studies carried out in clean areas. consequently, low element values are thought to be soil oriented. We are convinced that this study will contribute to future studies on pollution that will be carried out in the same locality or similar localities.
